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GEOPHYSICS.—Evaporation from large bodies of water and some 
jigures for Chesapeake Bay. Roger C. Wetts, U. 8S. Geological 
Survey. 


The subject of evaporation may be considered on several different 
scales. For the earth as a whole it is obvious that the total evapora- 
tion must very nearly equal the total precipitation. Both processes 
take place to a much greater extent in warm than in cold regions, 
however. In comparing large land and water areas in the same lati- 
tude it appears that in the water areas evaporation must exceed 
precipitation slightly, the excess moisture passing in the atmosphere 
to the land, whereas in most land areas precipitation is in excess, in 
spite of the increased surface offered by foliage and vegetation, and 
the excess water precipitated returns through lakes and rivers to the 
ocean. 

Data on rainfall are much more abundant than data on evaporation, 
yet in theory the two processes are complementary, and even practical 
considerations would seem to warrant further scrutiny of the phenom- 
ena of evaporation. 

Numerous formulas have been proposed for computing evaporation 
from the humidity of the air,? but when any particular humidity has 
been specified that near the surface of the water has generally been 
used. Unfortunately these formulas are of little use for computing 


1 Published by permission of the Director of the United States Geological Survey. 
Received August 6, 1928. ; 
2G. J. Livinaston, Mon. Weath. Rev. ..1908 and 1909. Humpnreys, Physics of the 
Air, p. 249. Duryfa and Hara, Trans. Am. Soe. Civil Engr., 80: 1829. 1916. Hor- 
TON and Grunsky, Hydrology of the Great Lakes. Engineering Board of Review of the 
sanitary district of Chicago, Pt, III, Appendix II. 1927. 
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evaporation from most natural bodies of water, either because no 
weather station is located near by with available records, or, as may 
be the case, the humidity at the weather station is different from that 
at the lake or other body of water. The variation of humidity with 
altitude has been very little studied, so that extrapolation to distant 
points is rather uncertain. 

Formulas of the kind referred to are nearly all modifications of the 
so-called Dalton equation, but it may be noted in passing that a differ- 
ent line of attack is offered by Cummings and Richardson? in an equa- 
tion in which evaporation depends on the “‘heat budget” of a unit area 
of the water, but this method also must rely, apparently, on tests with 
pans and observations at the localities under study. 

The relative humidity at the surface of a natural body of water 
must be very close to 100 per cent, and similarly the absolute humidity 
at high altitudes where the temperature falls below the freezing point 
must be very low. But what is the average distribution of moisture 
or vapor-pressure gradient between these two extremes? 

The gradient is certainly not linear. It must resemble the concen- 
tration gradient of a dissolved salt in diffusion experiments. True 
diffusion of the water molecules through the air from the water sur- 
face will account for the rate of natural evaporation only when that 
may prove to be the slowest feature of the process. Now moist air 
is lighter than dry air, so that convection currents are set up, and an 
entirely different rate of transfer is developed. Winds assist in causing 
some vertical transfer in a way that G. I. Taylor has attempted to 
cover by the concept of “eddy diffusion,’’® in which the “diffusion 
constant”’ remains to be evaluated and may possibly be a function of 
the altitude or some other factors. 

Some observations of the vapor-pressure gradient were made by 
Professor Bigelow at the Reno reservoir, Nevada, in 1907.6 The data 
referring to tower No. 3, which was located near the middle of the 
reservoir, are of greatest interest. Each of his figures is an average of 
a week’s daily observations of the partial vapor pressure of the mois- 
ture in the air, p’(=ea), at different hours of the day. In Table I 
are shown the averages of two weeks’ observations. The figures for 
zero altitude show the vapor pressure of water at its temperature at 


* Phys. Rev. 30: 527. 1927. 
*H. 8S. Tayuor, Physical Chemistry, p. 933. 
5 Phil. Trans. 216: 1. 1915. 


* Mon. Weath. Rev. 36: 28. 1908. 
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TABLE I.—Vapor Pressure, p’, ABOVE THE SurFAcE OF Reno Reservoir, Auaust 
1-10, 12-17, 1907 



































p’ in mm. of mercury 

Height Mean 
lam 5 a.m. 8am 11 a.m. 2 p.m. 5 p.m 8 p.m 
45 feet 5.9 6.0 7.2 7.1 6.2 6.4 5.8 
35 5.9 6.0 7.4 7.2 6.4 6.1 5.6 
25 6.2 6.1 6.6 6.7 6.9 6.1 5.9 
15 7.1 6.3 7.6 7.0 7.1 6.7 6.3 
7 7.5 6.7 7.5 7.8 8.2 7.5 6.9 
2 7.8 6.8 7.7 8.1 8.1 7.9 6.9 
0.5 inch 11.0 9.1 10.0 11.8 14.4 12.6 9.7 
0 15.3 14.6 15.2 18.6 20.3 18.1 15.2 





Diminution of vapor pressure with the altitude expressed as percentage of the difference 
between the pressure at 0 and 45 feet altitude 





45 feet 100 100 100 100 100 100 100 100 
35 100 100 98 99 98 102 102 100 
25 97 99 107 104 95 102 99 103 
15 87 97 95 101 94 97 95 95 
7 83 92 96 94 86 91 88 90 

2 80 91 94 91 86 87 88 88 
0.5 inch 46 64 65 59 42 47 59 55 
0 0 0 0 0 0 0 0 0 





























the time of observation. As the air above the water was never satur- 
ated its temperature does not concern us here. The change of the 
diffusion constant with temperature is very small for water vapor. 

Unfortunately figures for the wind velocities corresponding to the 
vapor pressures shown in Table I are not given in Bigelow’s paper. 
He says, however, “In the forenoon it is calm until about 10 o’clock, 
when a breeze begins in the southeast, increasing in strength up to 30 
or 40 kilometers per hour on many afternoons.”’ The average velocity 
at the surface of the water for all winds ranging between 20 and 40 
kilometers is given as 28 kilometers for the period 2 to5 p.m. The 
actual velocity of the wind for any particular period is not stated. 

The influence of the wind can perhaps be seen in the humidity. 
The highest absolute humidity at heights from 15 to 45 feet occurs 
at 8 a.m. In the afternoon, when the breeze has sprung up, the 
humidity at these heights is lower in spite of the fact that the humidity 
at the surface of the water is much higher. 

As Table I and figure 1 show, the vertical vapor-pressure gradient 
is very steep indeed immediately above the surface of the water. 
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Over 50 per cent of the diminution observed at 45 feet is found in the 
first half inch above the water. At a height of 2 feet we have simi- 
larly 88 per cent as an average of the figures for the seven periods. 
The diminution at heights above 45 feet must go on slowly though 
doubtless with considerable irregularity. Further data obtained by 
Bigelow at the Salton Sea, California,’ 7500 feet from the shore, show 
a vapor pressure gradient that is slightly steeper but otherwise similar 
to the one found at the Reno reservoir. The values plotted in figure 
1 are the means of the percentages given in Table I. 

For the purpose of developing a formula for evaporation in terms of 
the humidity of the air it would seem that the humidity at an alti- 
tude of at least 1 foot, or perhaps best that 

at 2 feet, should be used, on account of 
Height 





the more steady relation it holds both to 



































the vapor pressure of the water and to 
Feet the partial vapor pressure at higher alti- 
tudes. 

30 One form of the Dalton equation is 

E=2(p-p)(+e) (1) 

20 in which EF is the evaporation in centi- 

meters per hour, B the barometer in milli- 

0 meters of mercury, p the vapor pressure 

of the water evaporating and p’ the partial 

the It pressure of moisture in the air, both in 

t= Mes millimeters of mercury, w the velocity of 





oO —O 
100 80 60 40 20 0 % the wind in kilometers per hour, and k and 
Fia. 1.—Vapor pressure-gra- c constants. 
dient, Tower No. 3, Reno Res- = The writer has derived values for k and 
ervoir, Nevada, according to f e Dilel sate dake phe § 
Bigelow’s observations in 1907. © ‘TOM some O ige OWS Cate shown in 
Table II. Here p’ is the vapor pressure 
of moisture in the air determined with a sling psychrometer 1 or 2 
feet above the water surface. The figures are averages grouped 
according to different values of the velocity of the wind. 





On plotting ; against w it is seen that the values fall into three 


groups and are rather discordant. A graphic linear solution for 


™ Mon. Weath. Rev. 38: 310. 





1910. 
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TABLE II.—Bige.tow’s Resutts oN EVAPORATION FROM A 6-FooT TANK FLOATED IN 
THE MIDDLE oF THE RENO REsERVOIR (TowER 3, Pan 1) 








p’ 

Wind Temp. of water | Vap. ead water Ba ener i of a P-p’ Sniuaitiin 

Km, per hr. . Cm. per hr. 
1 15.3 13.0 6.7 6.3 0.033 
2 16.1 13.7 6.6 7.1 035 
2 16.7 14.3 7.0 7.3 .032 
2 17.2 14.7 7.0 a .037 
4 19.7 17.2 7.5 9.7 .040 
4 18.3 15.8 7.0 8.8 .042 
6 21.3 19,0 7.3 11.7 .047 
6 20.0 17.5 7.0 10.5 .047 
13 17.6 15.1 7.3 7.8 .043 
13 17.8 15.3 8.8 6.5 .039 
14 18.0 15.5 8.7 6.8 .039 
14 17.5 15.0 6.5 8.5 .046 
15 18.0 15.5 6.5 9.0 055 
16 19.2 16.7 6.7 10.0 .051 
17 21.2 18.9 7.8 11.1 .061 
17 20.2 17.8 7.3 10.5 .059 
21 17.0 14.5 5.3 9.2 .044 
22 16.9 14.4 5.4 9.0 .049 
22 17.6 15.1 6.6 8.5 .044 
24 16.7 14.3 5.7 8.6 .052 
25 18.4 15.9 6.3 9.6 .059 
26 17.0 14.5 6.3 8.2 .061 
27 20.2 17.8 7.1 10.7 .069 
28 19.3 16.8 7.6 9.2 .068 




















a when w = 0 gives : = 0.0044, whence, as B = 658 for Reno, 
Sarge 5 
k = 2.90 and c = 0.018, or 5 = 0.0038 for a barometer of 760 mm. 


When equation (1) was applied with these constants to test some 
evaporation records for 6-foot pans sunk in the ground at several 
localities* the calculated results were generally too high for the higher 
temperatures and too low for the lower temperatures, with wide individ- 
ual variations, ranging from 77 to 217 per cent of the observed evap- 
oration. It is clear either that the Dalton equation is of little value 
or that some factors of these records with pans have not been correctly 
determined. On the assumption that the latter alternative may be 
the correct one an attempt has been made to apply the equation to 


8 Horton, Mon. Weath. Rev. 49: 553. 1921. 
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compute the annual evaporation from Chesapeake Bay from data 
available in the Weather Bureau records for Baltimore and Norfolk. 
Even if the result is only approximate, it may serve to induce further 
study of the problem, or calculations by others by other methods. 
The steps of procedure are as follows. 

We have the mean monthly temperature and humidity for 37 years 
at Baltimore and. Norfolk. These figures are first interpolated slightly 
in order to obtain figures corresponding to the upper half and the 
lower half of the bay, by adding 28 per cent of their difference to the 
Baltimore readings and subtracting 21 per cent of their difference 
from the Norfolk readings. The water and air temperatures were 
considered to be the same. The vapor pressure of water at each 
temperature is corrected very slightly, only 0.7 and 1.0 per cent for 
the upper half and lower half of the bay, respectively, for the salinity 
of the water, giving pc,,. The instruments at Baltimore and Nor- 
folk are about 100 feet and 170 feet respectively above the level of 
the bay, so that the interpolated humidity of these heights, p,, should 
be increased to correspond with an altitude of 1 or 2 feet above the 
water. It is difficult to decide just how great this increase should 
be. On the basis of the curve in figure 1, and allowing slightly for the 
greater altitude of the instruments a figure of 87 per cent of the differ- 
€NCe Poo,— Px» has been used to reduce the available data on humid- 
ity to an altitude of 2 feet above the water. This gives the figures in 
Table III. 


TABLE III.—Houmipity 











Observed Computed for 2 feet above water 
Month r= uals oe My 
. pper wer 
Baltimore Norfolk of bay por Se 
Fg a et OES Sy oe eRe AE 71 75 75 77 


74 
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1 TABLE IV.—EvaporaTion FROM CHESAPEAKE Bay 

: Mean 

P : =: P (cor.) p’ p-p’ w E E 

. ture 

Northern half 

} 

| vc. | um. | am | atm. [Riemer] Gm, wr | Cfo 
NNT. diets ckas Fe 2.1 5.3 4.0 1.3 8.1 | 0.0057 4.3 
} RS Rata ie 3.0 5.7 4.2 1.5 8.7 .0066 4.4 
ii OE 6.6 7.2 5.3 1.9 8.0 .0082 6.1 
M88 ei civen 12.3 10.6 7.5 3.1 9.3 .0138 9.9 
Bibs bees So AR 18.3 15.7 11.4 4.3 8.0 .0186 13.9 
Si 34. BiG 22.8 20.7 15.6 5.1 7.2 .0219 | 15.8 
Pa Bbin Se Heke « Heston ous 25.4 24.1 18.4 5.7 7.0 .0244 | 18.4 
pS ee 24.5 22.9 17.9 5.0 6.7 .0212 | 15.8 
Sepemne?.. 65 66: 20.9 18.4 14.5 3.9 6.3 .0164 | 11.8 
Oumar. 8. ES Dae 15.2 12.9 9.9 3.0 7.2 .0128 9.6 
Pe eee ee 8.8 8.4 6.3 2.1 7.4 .0089 6.4 
Ea 3.6 5.8 4.4 1.4 7.1 .0060 4.5 

120.9 
Total annual evaporation = 48 inches 
Southern half 
ET, od os oh gle ss ores 4.0 6.0 4.7 1.3 10.6 | 0.0059 4.4 
RAR RRR eas: 5.0 6.4 5.0 1.4 10.3 .0063 4.2 
palpi Ring pee os Lt ie 8.3 8.1 6.3 1.8 11.3 .0082 6.1 
ROR. CREASE AVE 13.3 11.4 8.5 2.9 11.1 .Q132 9.5 
MOP is «<6 ivaswaedonidi vais 18.8 16.1 12.3 3.8 9.3 .0169 | 12.6 
Pcs inches checks eee 23.3 21.3 16.8 4.5 8.3 .0197 | 14.2 
PU oi okie ils Sher eweeves 25.2 23.8 19.2 4.6 8.3 .0201 | 15.0 
pT ety rege ee re 25.0 23.6 19.2 4.4 8.0 .0191 | 14.3 
September.............6. 21.6 19.2 15.8 3.4 7.5 .0146 | 10.5 
CN 6 kis res cnvebinset 16.4 13.9 11.2 2.7 9.0 .0119 8.9 
November............... 10.2 9.2 7.1 2.1 9.1 .0093 6.7 
SOG oo Sed cisn os cas 5.5 6.7 5.2 1.5 9.5 .0067 5.0 
111.4 























Total annual evaporation = 44 inches 





The anemometers at Baltimore and Norfolk are respectively 113 
feet and 205 feet above the ground. Bigelow found a uniform rise 
in wind velocity over the Reno reservoir of 0.66 per cent per foot of 
altitude. This rate was used up to 25 feet. Above 25 feet the varia- 
tion was calculated by the Stevenson formula, quoted by Humphreys, 
so that, as a result, the Baltimore and Norfolk wind observations were 
reduced by 37 per cent and 49 per cent respectively, in order to repre- 
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sent wind velocities at the surface of the bay. The figures given in 
the tables were obtained by reduction from observations for 1907, 
1908, 1920, and 1921. For the earlier years the anemometer altitudes 
were different. 

Table IV is calculated by equation (1) for the special case in which 
p is the vapor pressure corrected for salinity and p’ is the partial vapor 
pressure derived for the humidities of Table III corresponding to a 
height of about 2 feet above the surface of the water. It is easily 
seen that 

p — p’ = 0.87 (Dcor.— Pr) 


The final result in Table IV is an annual evaporation of 46 inches 
(which happens to be almost exactly equal to the rainfall, 45 inches). 
The evaporation calculated by using the humidity observed at the 
Weather Bureau stations directly, without any correction for altitude, 
is 53 inches. This is probably too large. On the other hand, if the 
vapor-pressure gradient for the upper part of the curve is taken to be 
twice as steep as that used, an improbable assumption, the result is 
38 inches. These results indicate for one thing the need of further 
study of the vapor-pressure gradient above natural bodies of water, 
although, as has been stated, there may still be fundamental errors in 
the Dalton equation, or even in the Reno data from which the con- 
stants were derived. However, the results are of the same order as 
some actual measurements of evaporation from large stretches of water 
near Arles, France, 15 miles from the shore of the Mediterranean, with 
about the same mean annual temperature.’ 


SUMMARY 


Some new constants have been derived for the Dalton equation for 
evaporation, to be used for large bodies of water when the humidity 
at a point 1 or 2 feet above the water, the temperature, and the velocity 
of the wind can be obtained or calculated from available data. Ap- 
plied to Chesapeake Bay the formula gives an annual evaporation of 
46 inches. 


®*Heeity, Ingénieur en Chef, Ponts et Chaussées, Chaumont (Haute-Marne), 
France. Trans. Amer. Soc. Civil Eng. 80; 1994. 1916. 
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PHYSICS.—Unit of thermal resistance: the “fourier.” D. ROBERTS 
Harper 3p, Union College, Schenectady, N. Y. 

The proposal is advanced to assign to the practical metric unit of thermal resistance 
the name “‘fourier,’’ in honor of the foremost contributor to the theory of thermal con- 
duction. The absolute unit of energy, the erg, being too small for many purposes, the 
joule is regarded by the author as the practical metric unit of energy, and the watt for 
rate of energy transfer. 

Accordingly the fourier is defined as that thermal resistance which will transfer heat 
energy at the rate of one joule per second (one watt) for each degree (Centigrade) tem- 
perature difference between its terminal surfaces. 

The “laboratory fourier’’ may be visualized as a prism of silver or copper about 4cm. 
long and 1 cm’. cross section. 

The paper outlines briefly the psychological reasons for naming some elementary 
units in each branch of physics, and discusses various possible choices of metric and 
English units for heat transfer problems. 

Two tables are given; one, the author’s estimate of the most suitable values to use for 
thermal resistivities of about 30 common materials; the other, a conversion table be- 
tween 9 of the units of heat transfer per unit area, common in the literature of today. 


The Ohm-Fourier law is, in its application to electrical quantities, 
familiar to every schoolboy who has taken a course in physics. In 
the application to thermal problems, it is not so generally recognized, 
and more or less haze surrounds the concepts involved in heat-con- 
duction calculations. Would not the psychologist locate one of the 
reasons for this in a lack of definite names for the thermal units? 

When a high school student first learns that ‘‘amperes are volts 
divided by ohms,” he is generally learning words only, and has scant 
understanding of the fundamental concepts, but nevertheless he very 
soon acquires a sufficient grasp of elements to make correct calcula- 
tions in a surprisingly large percentage of the problems which come 
to him. The familiarity gained with these three terms seems to lay 
a foundation that assists greatly in his more advanced studies, when 
developing the philosophy of electrical relations and determining the 
logical order in which units must be defined. Would the same result 
be secured if we had no term “‘volt,’”’ but only a phrase “work per 
unit quantity of electricity,” or if instead of the single term “ampere” 
we had a dozen or so of expressions, each nameless, for rate of transfer 
of electric quantity? There is more to it than mere clumsiness of 
language. Not alone is one’s vocabulary impoverished and the ease 
of expressing ideas hampered by lack of names; ideas themselves are 
by no means so clear when no name can be associated in the mental 
process. Every laboratory student in physics and engineering early 
gets a rather definite visualization of, let us say, 1000 ohms, a megohm, 


1 Received August 10, 1928. 
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afew microhms. Few amongst even mature workers have any such 
concrete mental picture of thermal resistance. 

There will be a distinct advance in the understanding of the ele- 
ments of problems in thermal conduction, if physicists and engineers 
can agree upon the use of a few primary units in which to express 
relations, and will give those units names. Sporadic attempts to do 
so have been noted in the literature. Dr. Hering’s proposal for a 
temporary use of the term “thermal ohm” pending selection of a more 
permanent convention, is an example. 

For the thermal ‘‘difference of potential” we have well recognized, 
universally adopted units, the degree Centigrade and degree Fahrenheit, 
and nothing further needs to be said regarding this quantity. 

For the measure of rate of transfer of quantity of heat, correspond- 
ing to current in electrical parlance, the literature is not so well off. 
Instead of a single unit like the ampere, which everyone may be 
expected to use, we find many in fairly common use. It happens that, 
because of the extended areas through which heat transfer takes place . 
in so many of the practical problems, it is much more usual to calculate 
in terms of heat flow per unit area than in terms of total heat flow. 
Interest centers, thus, on the analog of current density, amperes per 
unit area, rather than just amperes. 

In Table I are collected nine of the units for current density of heat 
transfer which are in most common use. To assign names to all of 
these would confuse things far worse than they are at present. It 
would be absurd to burden a memory with the effort to recall which 
definition went with which name, and to recite its definition every 
time you use a name is cumbersome. To select some unit or units 
from the nine, for a christening, is a task which the author prefers to 
dodge. The advocates for each unit which is tabulated could marshal 
plausible reasons for not retiring it too far int¢ the background, al- 
though probably not all of the combinations present equal claims to 
precedence as a primary unit. Any committee or individual who 
essays such selection will have no mean task. 

In the metric units, the author inclines very strongly toward em- 
phasis upon the watt as the unit for measuring rate of heat flow, in 
preference to calories per second or kilocalories per hour.. Modern 
physics is inseparably associated with the concept of heat as identical 
with energy, and the erg is the natural unit for both if it is for the 
one. The multiplier, 10’ (ergs to joules), is invariant, but the multi- 
plier 4.18 x 10’ (ergs to calories) rests upon experiment and has to be 
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redefined every time a more accurate experiment on mechanical equiva- 
lent of heat is recognized. 

There has always been a considerable confusion between the gram 

calorie and the kilogram calorie and, for exact work, between 20° 
calories, 15° calories, mean calories, etc. Although there are stand- 
ardization movements on foot which are gradually lessening this 
confusion, the simplest way of reaching international agreement is 
the gradual discard of all calories in favor of the absolute joule, re- 
garding which no differences of definition can arise. Most calorim- 
eters are standardized today primarily by electric heating, so that 
their basis of reference is really the electric joule, and not the calorie 
at all. : 
For heat transfer work let us adopt, in the metric system, the watt 
per cm’. as the primary unit for heat flow per unit area, in other words, 
the watt as the unit of rate of heat transfer, the “current.” As this 
unit already has a name, no new proposal is involved in regard to 
naming it. 

The unit of thermal resistance in the metric system will then be one 
degree Centig-ade per watt, which needs a name. The physicist 
whose name is always associated with the subject of heat conduction 
is Fourier, and if his name is to be given to any unit it would seem 
most appropriate that this unit be one of those fundamentally involved 
in the transfer of heat by conduction. The logical one is the metric 
unit of thermal resistance. 

The fourier will thus be visualized as that resistance between two 
isolated surfaces, one degree Centigrade different in temperature, 
which makes the rate of heat transfer one watt (107 ergs per second). 
It happens that the thermal properties of an average brass at room 
temperatures are such as to give us a concrete model in terms of a 
slab 1 em. thick. Such a slab with a temperature difference of 1°C. 
between the faces has a heat flow of 1 watt per cm*. of area, so that its 
resistance is 1 fourier for each cm*. of cross section. 

Silver and copper have approximately four times the thermal con- 
ductivity of brass, or one-fourth the resistivity, so that we picture the 
fourier in terms of these metals by noting that a slab of 1 em. thick- 
ness has a resistance per cm*. cross section of about 1/4 of a fourier, 
or a slab 4 cm. thick secures a resistance of 1 fourier per cm?. 

To make a laboratory fourier, we might cut a right prism of copper 
1 cm’. in cross section (the prism may be circular, square, or any other 
shape) and about 4 cm. long. The model is just as definite as is 
(approximately) 60 meters of copper wire 1 mm*. in cross-section for 
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anelectricalohm. The difference as regards laboratory use of the two 
pieces of apparatus is, of course, that the wire ohm requires few pre- 
cautions to keep electric current from “leaking off the sides,’’ while 
the metal fourier needs some auxiliaries to keep the heat flow axial. 

Just as we might make our ohm (in wire of 1 square millimeter sec- 
tion) from either 60 meters of copper or about 1 meter of nichrome 
alloy so we may visualize our fourier in a variety of ways. In prisms 
of 1 square centimeter area, it is 4 cm. length of copper, or 1 cm. of 
brass, or about 0.1 mm. of glass, a few microns only of asbestos, or of 
cork or of air. 

A few approximate values of thermal resistivities are collected in 
Table II to illustrate relative orders of magnitude: 

It may be noted in passing that while resistivity of a material in- 
volves linear dimensions of a unit specimen thereof, resistance does 
not involve these (except insofar as a unit of distance is inherently a 
part of the definition of an erg). That is to say, a fourier is defined 
when the degree Centigrade and the watt have been specified, and the 
user of the unit may, if he likes, combine it with feet or inches instead 
of with centimeters, in any computation. The unit should therefore 
prove acceptable not only to physicists and chemists, but also to the 
large class of engineers, especially electrical engineers, who are accus- 
tomed to watts and degrees Centigrade. It will obviously not be 
acceptable to those engineers who prefer British thermal units to 
watts and Fahrenheit degrees to Centigrade. Instead of the fourier, 
the mechanical engineers engaged upon refrigeration problems, boiler 
insulation, etc., will want a unit of thermal resistance based on British 
measures. The difficulties which will be encountered in selecting one 
have been hinted above, in the section devoted to heat current-density. 

Common practice among heat insulation engineers in America today 
is to base heat transfer computations on the use of a dimensional unit 
which is the board foot of the lumber industry. Dimensions in two 
coérdinates are taken in feet, and the third coérdinateininches. This 
“commercial conductivity” as it has been named (B.t.u. per hr. per 
sq. ft. for rate of heat flow, and °F. per inch for temperature gradient), 
while very useful as a secondary unit for computation in many practi- 
cal applications, is clearly unsuited to give a primary unit of resistivity. 
Any system which measures distances east and west in inches and those 
north and south in feet, is fraught with pitfalls. Imagine the mental 
gymnastics for a measurement northeast and southwest. In other 
words, the moment we attack problems where thermal resistivity is 
to be combined with viscosity or velocity or any other physical prop- 
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TABLE II.—Txsermat Resistivities aT 20°C. ExpressED IN FouURIERS FOR A 
CENTIMETER CUBE 





Ea an ccit ini cie dbsdw iden ah sibih miads so cri bad FeT ieee bd ie ste ek 0.239 
EE STEEN Peep ee ore cee RP AOE SNES ER ae SO OO 0.258 
IRS 5 doa sie Chat E0SG Lip a cs 0 oN das saben Sid Giad sakun at dav tne ade 0.49 
RR op rat hg hs ST EE BE ta bly Borg Cale Ste RR 0.93 
Cs ids. bs ARAM Aes ciGh SMe oo. Ba SU AG Bi eee 1.6 
SE EE seen aS RES oe ee See Nee Ie eR eRe! 1.7 
ER eto i ead iad. & <a esl <5 ob akin Scapa aint she ak Sembee ea salad 2.1 
ENS ANDERE s Cots ses Gace te chen dab ect detace see riccucseonecctes 4.4 
EASES. HOSUR Rs Piha ETN i IEA a 12.0 
ES ee SRE Eee Seeger ees eres eedidine pahke® dehays hetebhiks ben adie wee 45 
RR ee SP SINR a chee ASEM Dee Ae eR ras SEE eRe ean fre stey 133 
PN soe hs Sa Gh S ae hor eso 00 oh eda aaah od <0 vd ee een barges shes checeecin 140 
| TIT TTE Ti td Ue Tre Eee 170 
Re: Fide Dea is 5 sti 0 ibs 6a hie tes hE ew ED ao edi ds ees 85 200 
eT a 200 
anne ich nth od vh eras ate aee b oeddss 1% hechacre 90 
INET CCE Seu TS Lee cot ip a Senay ICN Cee teb See ae RSs closes cet i uecte 250 
iii cls dials sik aN ates OSs Ha bie cond dpedetbhSe bh TOS LS sR) Ak ia 600 
I Distt tena cement enim b ener sudan becies aelnaeen de pixyod wareetlnnne 690 
a a ba vi rains dis enc rls Shea Sin dak Geet teins Wank sain hakedb ach ain 63a aeaaiena we ae 610 
STUNG LaxG CUCL SEU CCL Vaccines oot cece ee UR rand raceeet ise tcecretanves 690 
ee Saree Baa Sask hss I ES. BFR ISS 700 
Wee CV MIS BEG: CORON COIN. 5. 6:05: 5.0'y.05)0 Fierhc Hind 6h 50 ou ce EES oVciowincteny 710 
Riek be ae Pete eae rath Cabbie he de ith a coh ieee hades. au bbet iid 1000 
ele Toe Us asp oy sane bah 608 b40.¢08 CA GS Au oad senitieeet a ede tere 1100 
Ge ors UAE, Ca, RRR A 2000 
Cotes Rating Goete) «isi dishds cisdiiters Baie Ri dietiaaes omsibicins ad 2500 
i i i a a i ee 2500 
MRE thet de aha Ces Fre ot evaes x ddlia.c +4 kee Oe ag+td oe tiemarstlgabahae4s tgi+ 4000 ba 4100 
ee eee Pee Pr es Pe eee od ec ee SE PEE 790 





* Substances marked with the asterisk vary widely in thermal conductivity according to composition. For 
limits of such variation, consult International Critical Tables, Vol. II. The figure listed above for any such 
material represents the author's estimate of the “best guess” for use in those cases where the composition of the 
material is not specified. 

In preparing this table, the author has consulted Vol. II, I. C. T. and has courteously been furnished advance 
values for some other materials by the editors of I.C. T. For still other materials, grateful acknowledgment is 
made to the staff of the U. S. Bureau of Standards, for advice in selecting most probable values in the light of 
present information. 


erty, we are obliged to have a unit which is self-consistent, feet through- 
out or inches throughout, but not both at once. The board foot as a 
geometrical unit for resistivity can never be more than a secondary 
choice used for a particular class of problems. 

Dropping the geometrical factor of resistivity and considering a 
unit for resistance, we note that commercial conductivity is expressed 
in B.t.u. per hour, while the second is the universally accepted unit of 
time. This means that although a resistance unit based on the hour 
would contain no inherent inconsistency, constant vigilance would 
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have to be exercised with respect to using a conversion multiplier if 
it were brought into a formula with other physical quantities, for 
example “‘g,”” which would surely be in seconds, not hours. 

The logical primary unit for thermal resistance in British measure 
is of course based on the British thermal unit, second, foot and Fahren- 
heit degree. The argument against dragging such a unit into the 
foreground, is the very cogent one that aside from a very few papers on 
theory of heat transfer, nobody would use it. The simple fact is that 
this combination has not found favor in calculations pertaining to 
engineering structures. 

All in all, the author is inclined to beg the question of selecting and 
naming a unit of thermal resistance in British measure. The multi- 
plicity of usage is too discouraging. In deference to this lack of 
standardization, would it not be quite as well to promote the universal 
tabulation of resistivities (and reciprocally, conductivities) in fouriers 
for the centimeter cube, and suggest to each engineer that he write in 
his handbook at the margin of the table, the multiplying factor which 
converts the tabulation in fouriers to that particular combination of 
British measure elements which his past experience has led him to 
prefer for his thermal conduction calculations. 

The fourier is proposed as the name for a thermal resistance such 
that each °C. of temperature head applied at its terminal surfaces 
gives a heat flow of 1 watt (10’ ergs per second). 


APPENDIX 


Factors by which to multiply a value of thermal resistivity, expressed in fouriers for a 
centimeter cube, to get values in other systems of units 











Heat flow in Temperature Gradient Muliiplier 
Watts per cm?. °C. per cm. 1 
Calories cem?, °C. per cm. 4.18 

sec. 

Kilocalories ‘ és 
ate eas per m?%, C. per m. 0.0116 
oem per ft?. oF. per ft. 0172 
°F. per inch .00143 
°C. per inch -00080 
= per in’. °F. per inch -206 
°C. per inch 115 
B.t.u. a ai ‘. 
— per in?. F. per inch 745 
°C. per inch 414 
H.P. per ft?. °F. per foot 44 
°F. per inch 3.67 


Watts per in’. °C. per inch 0.394 
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PHYSICAL GEOGRAPHY .-—A preliminary note on blue-green algal 
marl in southern Florida in relation to the problem of coastal subsi- 
dence.' AtFRED P. DacuNowski-Stokes, U. S. Bureau of 
Chemistry and Soils, and R. V. Auuison, Florida Agricultural 
Experiment Station. 


In 1922 a paper was presented before the National Academy of 
Sciences in which the broad outlines of the stratigraphic successions 
between American and European peat deposits were pointed out, and 
a correlation was attempted of glacial, climatic and life stages since 
the last Ice-age. 

In a later paper, dealing with the profiles of peatlands in New Eng- 
land, which appeared in 1926 in Ecology, evidence was set forth show- 
ing that the Atlantic Coast of North America had suffered a geologi- 
cally recent subsidence or a rise of sea-level. The observations offered 
in the present paper are believed to demonstrate coastal stability 
during the last few thousand years. 

Wide expanses of the bedrock floor of limestone in the southern 
part of the Florida Peninsula are covered by gray marl. The material 
varies in thickness from 1 to 2 feet and on it are found mangrove is- 
lands, saw-grass marshes, prairie vegetation north of Flamingo, and 
portions of the great cypress swamps to the west of the Everglades. 
In origin, appearance, and manner of deposition, this marl is unlike 
that representing chemical precipitation, the aggregation of shells, 
fragments of chara, or the calcareous ooze produced by bacterial 
action. In the present case blue-green algae constitute the bulk of 
the organisms which are building up and extending to a surprising 
degree the marly soil of the lower glades and of the shores along the 
southern mainland, 

Notwithstanding their great economic interest to man as agents of 
decay, fermentation, and disease, the aggregate work accomplished 
by these organisms is far from being understood. Until recently 
bacteria and blue-green algae received little attention as agencies that 
encrust themselves with lime carbonate and thus stand out as builders 
of extensive areas of mineral soil. Today there is evidence to show 
that precipitation of calcium, silicon, iron, sulphur, and part of the 
colloidal organic material in soils is caused by algae and bacteria. 
From the geologist’s standpoint Glock (4) and Diener (2) have re- 
viewed the bibliography establishing these forms as reliable fossils of 
stratigraphic value and for the interpretation of past climatic changes; 


1 Received July 30, 1928. 
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Fig. 1.—Profile features of gray marl along the Ingraham Highway between 10 and 20 
miles north of Flamingo, Florida. Photographed February 22, 1928, by R. V. Allison. 


the organisms have been recorded since early geologic times, and are 
reported as existing in peat deposits. Botanists and ecologists, on 
the other hand, are beginning to direct attention to the lower order of 
plants as indicators, whose habitat includes extremes of temperature, 
geographic conditions, and aerial situations. 

Investigations and views concerning the active organisms, the 
process, and the secondary changes accompanying precipitation of 
calcium carbonate have not, as yet, thrown much light on the formation 
of marl under natural field conditions. In regard to bacterial or- 
ganisms Drew (3) and Vaughan (11) have discussed in considerable 
detail the accumulations of calcareous sediments and oolite made by 
the action of denitrifying bacteria in shallow water adjacent to the 
keys and living coral reefs of Florida. The specific identification of 
the living forms has been attended with difficulty, owing to the close 
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connection between bacteria and blue-green algae. Further experi- 
mental evidence pointing to bacterial forms which precipitate calcium 
carbonate has been offered by Kellerman and Smith (7). The several 
researches in sedimentation reported more recently to the National 
Research Council (10) will also serve, it is hoped, to give in a short 
time an intimate knowledge of the number and character of the bac- 
terial organisms as well as the nature and potency of their work in 
mild or subtropical regions like Florida. 





Fig. 2.—Profile section in dense growth of Distichlis spicata, about 6 miles north of 
Flamingo, Florida, along southern extension of Dixie Highway. Photographed Febru- 
ary 22, 1928, by R. V. Allison. 


With reference to blue-green algae there is apparently a great lack 
of information regarding their number and geographical distribution 
in the southern part of the United States. Tilden (9) records the 
specific description of only 31 filamentous blue-green algae so far 
known to exist in Florida. They are grouped chiefly among 5 families 
and 19 genera. 

Some of the material described below was collected in the Ever- 
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glades in 1919 and kept dry for subsequent study. It was not until the 
winter of 1927 and 1928, during a reconnaissance trip made in coéper- 
eration with the Agricultural Experiment Station of Flurida, that algal 
forms were found to contribute so materially to the deposition of cal- 
careous matter at the surface of the soils. 

The greater part of the blue-green algae- has been identified by 
means of Tilden’s volume on Myxophyceae (9), but they are classified 
here only on general resemblances of form.? The most abundant algae 
are the fresh-water plants belonging to the genera Scytonema, Calothriz, 
Lyngbya, and Dichothriz. The latter, together with others, occurs as 
a thin, soft, greenish-blue matted coating, closely attached to the 
friable, caleareous material about 1 or 2 inches below the surface. 
They form gray, laminated or flaky and nodular incrustations, which 
present a cavernous structure to a depth varying from 5 to 8 inches. 
Underneath is grayish-white, compacted, harder marl, more or less 
amorphous, plastic when wet, and frequently dark gray in color and 
mottled from rootlets to the contact line with the underlying bedrock 
limestone. Plate 1 shows a profile exposure at type localities 
along the Ingraham Highway between 10 and 20 miles north of Fla- 
mingo. . 

The vegetation of these places is similar in aspect to that of other 
parts of southern Florida, but it differs in composition. The trees 
and shrubs are woody evergreens. Among the herbaceous plants 
commonly observed on the “Ingraham marl’’ are sedges and grasses, 
(Cladium mariscus, Eleocharis cellulosa, Rhynchospora tracyi, Di- 
chromena colorata, Spartina bakeri), reeds, and species of Aletris, 
Crinum, Flaveria, Ludwigia, and Sisyrinchium. The principal types 
of vegetation native to this region have been described from diverging 
viewpoints by Harshberger (6) and by Harper (5) whose paper con- 
tains many bibliographic references. 

Very little use has been made thus far of any of this type of soil, 
but some of it has recently been cultivated for early tomatoes. 

There are no detailed soil surveys for southern Florida, and hence 
the distribution and acreage of this material are practically unknown. 
The marls described by Matson and Sanford (8) in their paper on the 
geology and ground waters of Florida extend over hundreds of square 
miles, but too little is known to map them as asoiltype. The northern 
boundary of the gray algal marls appears to coincide with a line near 
the Tamiami trail between Miami and Collier County. South of this 
line the marl was observed along the Ingraham Highway between 


? A more detailed identification is being made in connection with precipitation studies 
to be published later. 
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Homestead and Flamingo, merging into the limy ooze of the islands 
along the shores of the southern mainland. 

The average rapidity with which algal marl is now accumulating is 
not known, ner the rate of increase under favorable and unfavorable 
circumstances. The thickness is nowhere great and is only moderately 
irregular, in part due to the uneven surface upon which the marl was 
deposited at a particular place. From the profile features of the layer 
it may be inferred that throughout the time following the emergence 
of southern Florida from the sea, the conditions governing the deposi- 
tion of the calcareous material were not marked by great disturbances. 
The emergence of the “lower Glades” and mainland with respect to 
sea level has been small and began probably only a few thousand (per- 
haps 3000 to 4000) years ago. In comparison with the series of pro- 
files obtained in the ‘upper Glades’’ and on Torrey Island in Lake 
Okeechobee, already noted in another connection (1), the evidence 
discovered seems to prove essential coastal stability during the past 
few thousand years. The algal marl layer was formed during rela- 
tively recent or late Pleistocene times, and since then there has been 
no appreciable change in the relative positions of land and sea in 
southern Florida. A fuller treatment of this question is reserved for 


a later paper. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


THE ACADEMY 


218TH MEETING 


The 218th meeting was a joint meeting with the Philosophical Society and 
was held in the Assembly Hall of the Cosmos Club on the evening of Thurs- 
day, January 19th. The general subject of discussion was methods of elec- 
tion, including the election of officers and governing bodies of Scientific 
Societies. 

Program: L. B. Tuckerman of the Bureau of Standards: Theoretical 
principles underlying balloting. The complete expression of the will of an 
electorate on a plurality of candidates for the same office or plurality of 
similar offices would be contained in a single preferential vote if all questions 
of expediency could be eliminated from the vote. Certain mathematical 
conditions must be imposed on the count to ensure the complete elimination 
of expediency from the vote. 

These conditions are not realized in any count so far devised, and may be 
impossible of realization. The mathematical problem, being a problem in 
combinatory analysis, is difficult. A number of able mathematicians have 
worked on the problem with the result that it is known that in certain broad 
classes of counts expediency can not be wholly eliminated from the vote. 
Further investigation is desirable. 

Although expediency may never with certainty be eliminated from the 
vote, two different counts have been devised, meeting two distinct needs, in 
which expediency in voting has been so nearly eliminated as to be negligible 
from a practical standpoint. These are the Hare count for electing a repre- 
sentative body and the Condorcet count for filling a single office. These 
counts of a preferential ballot are far superior to any other known methods of 
election, and may be considered a practical solution of the problem of secur- 
ing an effective expression of the will of an electorate. (Author’s abstract.) 

Georce H. Hatuett, Jr., Secretary of the Proportional Representation 
League: An appraisal of election methods. Dr. Tuckerman has suggested 
as a criterion for a perfect method of election the requirement that it shall 
always give most effect to a person’s vote if he expresses on the ballot his 
real wishes. This seems a reasonable requirement, but unfortunately it con- 
flicts with another which seems just as reasonable and perhaps even more 
important. It can be proved that a method of election under which it 
would never be profitable for the voter to falsify his real wishes would some- 
times defeat a candidate for a single office who was preferred to all other 
candidates by an absolute majority of the voters.'_ Under such circumstances 
the unsolved question whether Dr. Tuckerman’s test can be satisfied at all 
is one of considerable academic interest but probably not of great practical 
importance. 

This does not mean that the test has no value. It can and should be 
satisfied for most practical purposes without sacrificing anything else of more 
importance. 

The most workable system so far proposed seems to be the Hare system of 
proportional representation. This system is not mathematically perfect. 


1 The proof is given in footnote 14 on pages 396-397 of Preqertionss Representation by 
Hoaa and Hauuetr (Maemillan). 
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It defeats arbitrarily the candidate who stands lowest on the poll and occa- 
sionally such a candidate might be preferred toeach other candidate considered 
singly by a majority of the voters. It is possible to overcome this defect 
also by introducing complications in the rules for counting,? but the Hare 
system in its usual simple form offers a small probability of error and its 
political as well as theoretical advantages over our ordinary methods are very 
great. It is in use for the election of important single officers in Australia 
and in the provinces of Manitoba and Alberta. 

When a group of officers are being elected together to a legislative body, it 
is possible to do still better. For when a single place is to be filled it is only 
possible at the best to satisfy one point of view, but when a number of places 
for the same office are to be filled together it is possible to give just representa- 
tion to all important points of view. 

On this question of representation there is a great deal of confusion in the 
public mind. It is quite generally assumed that the principle of majority 
rule demands that each particular member be a majority choice. This is 
frequently qualified by a division of the whole territory to be represented 
into districts, in some of which a minority party may have a local majority 
and so get representation, but the idea of assuring representation to minorities 
whether they are a majority in any one neighborhood or not is thought to 
conflict with majority rule. : 

In fact, however, there can be no assured majority rule in a representative 
body without a representation of all elements in proportion to their voting 
strength. 

The so-called majority methods of election very frequently defeat the 
majority will. In the last two Congressional elections in the State of New 
York the Republicans have polled a majority of the votes for Representatives 
and the Democrats have elected a majority of the members. This was be- 
cause the Republican minorities in Democratic districts (like the Democratic 
minorities in Republican districts) were unrepresented. In 1888, when 
Harrison was elected President over Cleveland, Cleveland had 100,000 more 
popular votes. A similar miscarriage of justice happened on two other 
occasions. This was because the minorities in each state were unrepresented 
in the electoral college. 

Though minority rule does not usually stand out so glaringly on the face 
of the election returns, it is in fact the rule rather than the exception. The 
remarkable phenomenon of machine rule the country over, with a majority 
of the people almost everywhere opposed to machine rule, is due simply to 
the fact that we do not provide a means of representation for the minorities 
into which the anti-machine majority is divided. 

This situation can easily be remedied by a change in election methods to 
give representation to all elements in proportion to their voting strength. 
Three things are needed: first, districts large enough to elect several members 
each; second, a single vote for each voter instead of as many votes as there 
are members to be elected in the district, so that the largest group cannot 
elect its entire slate to the exclusion of others; and third, a vote that is trans- 
ferable, so that, if the voter’s first choice cannot be elected by it, it will not 
be wasted but be transferred to his second choice or third. 

This combination of principles gives us the Hare system of proportional 
representation, otherwise known as the single transferable vote. In its 
usual forms it is not mathematically perfect and contains various minor 


* Hoa and Hauuett, Proportional Representation, pp. 494 ff. 
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defects which could be remedied by the introduction of considerable compli- 
cations in the counting rules. Such complications, however, would have 
little effect on the results secured and without them the Hare system offers 
a practical remedy for most of our political ills which are not inherent in 
the people themselves. It is used for city elections in Cleveland, where it 
has secured the services of such able independent councilmen as Professor 
A. R. Hatton, charter consultant of the National Municipal League; in 
Cincinnati, where it immediately deposed one of the most thoroughly en- 
trenched political machines in the country and changed the city from one of 
the worst-governed to one of the best-governed to be found anywhere; in 
Ashtabula and Hamilton, Ohio, and Boulder, Colorado, and in many cities 
abroad. In other countries it has been inaugurated for provincial elections, 
as in Manitoba, Alberta, and Tasmania; and even in national elections, as 
in the Irish Free State, and in Great Britain for a few university members of 
the House of Commons. It requires no primaries and in one election gives 
a free and practically complete expression of the reai wishes of the voting 
public. (Condensed from author’s manuscript.) 

A demonstration election was then given with the audience as voters. 
The votes were counted by members of the audience under Mr. Hallett’s 
direction and the results put on a blackboard and explained. 


219TH MEETING 


The 219th meeting was held in the Assembly Hall of the Cosmos Club 
on the evening of Thursday, February 16th, 1928. 

Program: Dayton C. Miter, Professor of Physics in the Case School of 
Applied Science: Photographing and analyzing sound waves. The address 
was illustrated by latern slides and by experiments, including experiments 
with the “phonodeik,” an apparatus devised by Dr. Miller for projecting 
“living’”’ waves directly onto a screen. 


220TH MEETING 


The 220th meeting was held in the Auditorium of the National Museum 
on the evening of Thursday, March 15th, 1928. 

Program: Showing of a moving picture film entitled The Mechanics of the 
Brain, prepared by Prof. Ivan P. Pavuov, Director of the Physiological 
Laboratories in the Russian Academy of Sciences. The picture presented 
a series of experiments on children and animals chosen to illustrate the 
mechanism of the reactions to various external stimuli. Especial attention 
was given to the development of “conditioned reflexes,”’ a subject that has 
been especially studied by Pavlov and his collaborators. The film was ex- 
hibited through the courtesy of the American Society of Cultural Relations 
with Russia. 


221st MEETING 


The 221st meeting was held in the Auditorium of the National Museum 
on the evening of Wednesday, May 16th, 1928. 

After calling the meeting to order the President of the Academy announced 
that a proposed revision of the By-Laws of the Academy, intended to clarify 
doubtful points and to meet changing conditions, had been duly proposed by 
three members of the Academy. Under the provisions for amending the By- 
Laws these proposals were automatically referred to the Board of Managers 
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for further consideration and for submission to the Academy at a future 
meeting.® 

Program: Friptsor NANsEN, Arctic explorer, professor of Oceanography at 
the University of Oslo and President of the International Society for the 
Exploration of the Arctic by means of the Airship: Problems of Arctic ez- 
ploration. The speaker emphasized the importance of polar exploration as 
against the popular view that polar expeditions are quests for adventure or 
bids for notoriety. He especially emphasized the importance of a knowledge 
of meteorological conditions in the polar regions and compared a study of 
meteorology with the polar regions omitted to a study of the steam engine 
with the condenser omitted. Many modern developments of meteorology are 
based on the “polar-front”’ theory. 

The speaker then described the methods of polar exploration as they 
were in the nineties when he and his companions drifted across the polar sea 
in the Fram and told of some of the adventures encountered in that memor- 
able expedition. He then described the advantages of exploration by air- 
ship and outlined the plans for a proposed expedition. _ At the conclusion of 
the address the audience gave the speaker a rising vote of thanks. 

Water D. Lampert, Recording Secretary. 


3 The proposed changes are in fact the work of a special committee of the Board of 
Managers and have been considered by the Board itself at several meetings and ap- 
proved in principle. Requests for further information regarding these changes may 
be addressed to the Corresponding Secretary, who is also Chairman of the special 
committee. 








